S EVERE SEPSIS IS A BROAD CLINI-
cal syndrome defined as infection complicated by acute organ dysfunction. 1 It affects more than 750 000 US residents each year, with a hospital mortality of 28%. 2 Epidemiological studies consistently report a higher incidence of severe sepsis among black than white patients. 3 However, it is not known whether these disparities occur because of differences in susceptibility to infection or in the risk of developing acute organ dysfunction once infection has occurred. This distinction is important for developing interventions to reduce disparities. For example, if racial differences in severe sepsis are largely due to differences in the incidence of infection, efforts to reduce disparities should focus on community-based interventions, such as vaccination. On the other hand, if disparities are largely due to differences in the incidence of organ dysfunction, improving the management of black patients hospitalized with severe infections will be necessary.
Therefore hospital discharge data from 7 states in the United States were analyzed to determine the extent to which previously reported differences in severe sepsis incidence were due to a higher infection rate or a higher risk of acute organ dysfunction. Because differences could be due to different admission thresholds, we also analyzed national emergency department data.Whether infection and severe sepsis rates between the 2 races differed by age and comorbid conditions was determined to identify subgroups most amenable to interventions. In particular, the implications of age-related racial differences on vaccination were explored, focusing on invasive pneumococcal disease, because pneumococcal pneumonia is the most common cause of severe sepsis, and pneumococcal vaccination is the largest adult vaccination program for bacterial sepsis. 4 ,5
METHODS

Design and Data Sources
We conducted retrospective, population-based analyses of hospitalized patients from the 2005 state hospital discharge databases of 7 US states to compare racial differences in infection and severe sepsis-related hospitalizations. We determined populationlevel estimates of infection and severe sepsis hospitalizations using 2005 population estimates that were based on the 2000 US census. We analyzed data from each state (Arizona, Florida, Massachusetts, Maryland, New Jersey, New York, and Texas) because they are large and diverse, represent a significant proportion (25%) of the US population, and maintain highquality hospital discharge data, including information on self-reported race (Ͻ2% of patients elected not to report their race). We limited all analyses to non-Hispanic white and black patients because our prior work showed similar incidence rates of severe sepsis in Hispanic and non-Hispanic whites. 3 To account for confounding due to different admission thresholds, we compared hospital admission rates for patients who presented to the emergency departments (EDs) with infection in the National Hospital Ambulatory Medical Care Survey (NHAMCS) from 2003 to 2007. Details of the NHAMCS survey methodology are described elsewhere. 6 Briefly, the NHAMCS uses a 4-stage probability sample design to collect a nationally representative sample of ED visits in noninstitutional general and shortstay hospitals and excludes federal, military, and Veterans Affairs hospitals. Patient race is reported by hospital staff or obtained from medical records and is missing in approximately 12% of visits.
Case Definitions
In hospital discharge data, we identified hospitalizations for or complicated by bacterial and fungal infections based on International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes (eAppendix 1 and eTable 1 are available at http://www .jama.com). We used previously validated criteria to define severe sepsis as documented infection plus acute organ dysfunction.
2 Consistent with severe sepsis entry criteria in prospective clinical studies, 7 mechanical ventilation had to be listed for a patient to be assigned respiratory organ dysfunction. We also compared risk of acute organ dysfunction in the subset of patients with septicemia, as described previously. 8 We used ICD-9-CM codes in primary and secondary diagnosis fields and Charlson criteria to identify presence of comorbid conditions. 9 We excluded patients with human immunodeficiency virus (HIV) because compared with the general population, patients with HIV have higher infection rates and are more likely to develop severe sepsis. Furthermore, previous studies have shown that the prevalence of HIV varies by race. 10, 11 We used the same ICD-9-CM codes used for analyses of the hospital discharge data (eTable 1) to identify ED visits for bacterial or fungal infections in the NHAMCS data set.
Data Analyses
Using hospital discharge data, we determined racial differences in age, sex, and comorbidities for patients hospitalized with severe sepsis and infection using 2 and t tests, as appropriate. We categorized frequency counts of hospitalizations and deaths due to severe sepsis, infections, and invasive pneumococcal disease in 5-year age increments. 12 Unless otherwise stated, all rates reported are age and sex standardized.
W e c o m p a r e d a g e -a n d s e xstandardized population-based incidence rates of severe sepsis hospitalizations between the 2 races. We then estimated whether differences in severe sepsis incidence were explained by differences in incidence of infection-related hospitalizations and the risk of developing acute organ dysfunction, conditional on occurrence of an infection.
To compare differences in infectionrelated hospitalizations, we performed our primary analyses on all patients who were hospitalized for infection or whose hospitalization was complicated by an infection. Recognizing potential limitations of administrative data, we also conducted several sensitivity analyses to assess the robustness of our findings. First, because it is difficult with hospital discharge data to determine whether infection was present at admission or not, we used New York state data (which includes present-at-admission indicators for all diagnosis fields) to compare rates of infection at admission by race. Second, in the entire data set, we repeated our analyses for different sites and types of infection. Third, because less severe infections may be missed due to differences in access to care and different thresholds for hospital admission, we determined racial differences in postoperative infection rates which are less likely to be influenced by these factors. We assessed the risk of developing postoperative infections after common surgical procedures, 13 including appendectomy, coronary artery bypass graft (CABG) surgery, carotid endarterectomy, colon resection, extremity bypass surgery, lower extremity joint replacement, hysterectomy, and lung resection using random-effects logistic regression. A list of the ICD-9-CM codes for these procedures and postoperative infection is provided online (eTable 2 available at http://www.jama.com).
We adjusted for age, sex, Charlson score, poverty, and hospital effect to compare the risk of hospital-acquired infection. We additionally accounted for confounding due to different hospital admission thresholds by comparing admission rates for infection-related ED visits between the 2 races using NHAMCS data. Finally, to ensure that higher rates of infection or severe sepsis in black patients were not simply because black patients were more likely to receive care at hospitals that reported higher infection rates, we compared the distribution of each race across all hospitals stratified by their reported infection rate.
We estimated age-and sex-adjusted population-based risks of severe sepsis. We then constructed serial randomeffects logistic regression models on all infected patients to assess the risk of severe sepsis conditional on infection, adjusting for age, sex, poverty (proportion of white individuals below poverty as a measure of zip code-level economic privation), 3 and comorbidity. We built models measuring comorbidity by the Charlson score and then by presence or absence of diabetes and chronic kidney disease, because these chronic diseases were more common among black patients. Each of these models was adjusted for clustering of patients by race at hospitals (hospital effect) and varying proportions of black patients by center using the decomposition method.
14,15 These models yield 2 odds ratios (ORs), the within-hospital OR, which measures the association between race and severe sepsis risk conditional on being admitted to the same center, and the across-hospitals OR, which reflects the risk of severe sepsis across hospitals with varying proportions of black patients. Unless otherwise stated, we report the withinhospital ORs.
We explored the implications of agerelated racial differences in infectionrelated hospitalizations on current guidelines for pneumococcal vaccination by estimating the proportion of patients hospitalized with invasive pneumococcal disease who would not be targeted by current vaccination guidelines. Vaccination is currently recommended to high-risk adults. High-risk adults include all persons aged 65 years or older, and younger persons who smoke or have chronic diseases. We did not include smoking status as a risk factor because reliable data about smoking history was not available. 16 Database management and calculation of descriptive statistics were performed using Visual FoxPro and Excel (Microsoft Corporation, Redmond, Washington) and regression analyses were performed using Stata version 10.1 (Stata Corp, College Station, Texas). Racial distribution curves across hospitals ranked by overall infection rate were compared by Kolmogorov-Smirnov test. There was a greater than 90% power to detect a 0.5% difference in severe sepsis risk between the 2 races assuming 2-sided tests and an ␣ of .05. The study was reviewed and exempted by the University of Pittsburgh institutional review board.
RESULTS
Of 8 661 227 non-childbirth-related hospitalizations, 2 261 857 (26.1%) infection-related hospitalizations were identified. Of these, 381 787 (16.8%) hospitalizations were also associated with acute organ dysfunction, and thus classified as severe sepsis (FIGURE 1). Among those hospitalized with infection and severe sepsis, respiratory infections were most common and occurred in a third of all cases (TABLE 1). Other common infections were genitourinary, abdominal, wound, and soft tissue infections, and bacteremia of unknown source. The distribution of type of infection was similar between the 2 races. Table 1 compares characteristics of patients hospitalized with infections and severe sepsis. Among patients hospitalized with infections, black patients were younger than white patients (51.6 vs 63.1 years, PϽ.001). Small differences were observed in the overall burden of comorbid conditions (41.4% of black patients and 42.2% of white patients had at least 1 comorbid condition, P Ͻ .001). However, larger differences in the burden of certain comorbid conditions were noted. For example, 23.6% of black patients had diabetes and 3.5% had chronic kidney disease, whereas 17.8% of white patients had diabetes and 2.6% had chronic kidney disease (PϽ.001 for both comparisons). Pulmonary disease was more prevalent in white (10.5%) than in black patients (5.2%; P Ͻ .001). The higher prevalence of chronic kidney disease and diabetes persisted when analyses were stratified by occurrence of severe sepsis and was seen in patients older and younger than 65 years (TABLE 2) .
Prehospitalization Characteristics
Similarly, among those with severe sepsis, black patients were a mean 62.0 years vs white patients who were a mean 70.3 years (P Ͻ.001). Again, the overall burden of comorbid conditions was similar in both groups. However, the 
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Severe Sepsis and Infection Hospitalization Rates
Black patients had a 67% higher severe sepsis hospitalization rate than did white patients (9.4; 95% confidence interval [CI], 9.3-9.5 vs 5.6; 95% CI, 5.6-5.6 per 1000 population; incidence rate ratio, 1.67, P Ͻ .001; incidence rate ratios Figure 2 ). Black patients also had a higher hospitalization rate for septicemia (8.0; 95% CI, 7.9-8.1 vs 3.9; 95% CI, 3.9-4.0; PϽ.001). Black patients consistently had higher infection-related hospitalization rates than did white patients both when using New York state data to analyze infections present at admission (38.4; 95% CI, 38.1-38.6 vs 28.2; 95% CI, 28.1-28.3 per 1000; incidence rate ratio, 1.36; PϽ.001) and when stratifying all infections in the entire data set by site (respiratory, septicemia, genitourinary, abdominal and wound and soft tissue) and type of infection (TABLE 3 ). An etiologic classification was available in approximately 25% of cases. Among all patients with infections, black patients had higher rates of Gram-positive and Gramnegative infections (Table 3) .
Postoperative infections were most frequent after colon resection (4.9%), extremity bypass (2.3%), CABG (1.5%) and appendectomy (1.3%), while infection incidence rates after carotid endarterectomy, lower-extremity joint replacement, hysterectomy, and lung resection surgery were less than 1%. Compared with white patients (unadjusted OR,: 1.35; 95% CI, 1.26-1.45; P Ͻ .001), black patients were more likely to develop postoperative infections after these surgeries (adjusted OR, 1.27; 95% CI, 1.15-1.42; P Ͻ.001).
Higher hospital infection rates among black patients were not because they were more likely to be admitted with an infection. Indeed, the admission threshold for patients presenting to an ED with infection was higher for black than white patients ( Differences were apparent across all age groups, but most pronounced in young adults between age 20 and 64 years, as reflected by the highest incidence rate ratios. The 67% higher severe sepsis rate in black patients was predominantly explained by a higher rate of infection hospitalizations. The y-axes, shown in blue, indicate the range of incidence from 0 to 80 per 1000 population. Class intervals include data for ages equal to the lower limit of each interval and up to but less than the upper limit.
not because black patients were more likely to receive care at hospitals with higher recorded infection rates than white patients (P= .68).
Severe Sepsis and Organ Dysfunction
Conditional on an infection diagnosis, black patients across all age groups had a higher risk of developing acute organ dysfunction (age-and sexadjusted OR, 1.29; 95% CI, 1.27-1.30; PϽ.001; FIGURE 3). Similarly, black patients with septicemia had a higher risk of organ dysfunction than white patients (age-and sex-adjusted OR, 1.38; 95% CI, 1.36-1.41; P Ͻ .001). Of the 381 787 patients hospitalized with severe sepsis, 296 552 (77.7%) had single organ dysfunction. Common organ dysfunctions were renal, respiratory, and cardiovascular failure. Seventy-eight percent of white patients had single organ dysfunction vs 76.0% of black patients (PϽ.001; TABLE 5). Blacks more frequently had renal (46.6% vs 43.8%, PϽ.001) and respiratory failure (34.4% vs 30.5%; P Ͻ .001) than white patients, while cardiovascular failure was more frequent in whites (25.5% vs 22.9%, P Ͻ.001).
The higher risk of organ dysfunction among black patients persisted, although attenuated, when adjustment for poverty and hospital effect were included (OR, 1.15; 95% CI, 1.14-1.17). This attenuation was due in part because organ dysfunction was a more frequent complication of infection at hospitals that treated greater proportions of black patients (adjusted OR across hospitals, 1.15; 95% CI, 1.11-1.20; PϽ.001 for every 20% increase in proportion of black patients). Further inclusion of comorbidity, measured either by Charlson score (OR, 1.14; 95% CI, 1.13-1.16) or by preexisting kidney disease and diabetes (OR, 1.17; 95% CI, 1.15-1.18) yielded similar withinhospital odds of organ dysfunction among black patients.
Mortality
Mortality was higher among black than white patients hospitalized for infection and severe sepsis (age-and sexadjusted OR, 1.23, 95% CI, 1.21-1.25 for black patients and 1.11; 95% CI, 1.08-1.14 for white patients; both PϽ .001). Furthermore, infection and severe sepsis mortality rates were 1.5-fold and 1.8-fold higher in black than in white patients (2.6; 95% CI, 2.6-2.7 vs 1.7; 95% CI, 1.7-1.7 per 1000 population and 1.8; 95% CI, 1.8-1.9 vs 1.0; 95% CI, 1.0-1.1 per 1000 population).
Differences in Infection-Related Hospitalization Rates by Age
Racial differences in infection-related hospitalizations were especially pronounced in those between the ages of The additional risk of developing organ dysfunction conditional on infection was small. Class intervals include data for ages equal to the lower limit of each interval and up to but less than the upper limit.
20 and 64 years, as illustrated by the highest incidence rate ratios in these age groups (range of incidence rate ratios, 1.7-2.0, Figure 2 ). Of black patients with infection-related hospitalizations, 266 734 (66.6%) occurred among those younger than 65 years, whereas 815 096 white patients (43.8%) were younger than 65 years (FIGURE 4). The higher proportion of infections persisted among black p a t i e n t s c o m p a r e d w i t h w h i t e patients in this age group when we stratified analyses by site of infection (62.2% vs 33.8% for respiratory, 65.4% vs 42.3% for genitourinary, and 77.8% vs 61.3% for abdominal infections, respectively, all P Ͻ.001).
Similar to infection-related hospitalizations, a different distribution of severe sepsis cases across different age groups persisted between the 2 races ( Figure 4 ). For example, 49.4% of severe sepsis cases involving black patients occurred among those younger than age 65 years.), whereas 69.7% of white patients with severe sepsis were 65 years and older. Infection-and severe sepsis-related deaths also affected more black than white patients younger than 65 years (Figure 4 ; 36% vs 18% of all infection-related deaths; 39% vs 22% of severe sepsis, respectively; all PϽ.001). Based on age-and sex-adjusted rates, young black patients were twice as likely to die of severe sepsis as young white patients (5.9; 95% CI, 5.7-6.0 vs 2.8; 95% CI, 2.8-2.9 per 10 000 population, incidence rate ratio, 2.1; PϽ.001).
Black patients had higher invasive pneumococcal disease hospitalization rates than did whites (22.3, 95% CI, 21.2-23.3 vs 17.1; 95% CI, 16.8-17.5 per 100 000 population; incidence rate ratio, 1.30; PϽ .001). Similarly 73.9% of invasive pneumococcal infections occurred in black patients younger than 65 years, whereas 44.5% occurred among white patients in this age group (P Ͻ .001, Figure 4) . One in 4 pneumococcal infections occurred in black patients aged 18 to 65 years who had no underlying comorbidities and therefore would not have received pneumococcal vaccination based on current guidelines (23.6% in black patients vs 13.9% in white patients, P Ͻ.001). Invasive pneumococcal disease deaths substantially affected young black vs white patients younger than 65 years (57% vs 28%; PϽ .001).
COMMENT
In this large retrospective cohort study, we showed that the higher severe sepsis rates reported previously in black patients are explained by a higher likelihood of being hospitalized with infection and a higher risk of developing acute organ dysfunction. This finding was observed for both community-and hospital-acquired infections, consistent across different sites and etiologies of infection, and occurred despite the finding that black patients were less likely to be admitted when presenting to an ED with an infection. Thus, community-acquired interventions, such as vaccination and improved management of chronic diseases, and better management of those hospitalized with an infection to prevent organ dysfunction, are necessary to reduce disparities in severe sepsis.
The underlying mechanisms of racial disparities in infection and severe sepsis are poorly understood. A combination of differences in chronic disease burden, particularly subclinical disease, social and environmental factors, and genetic predisposition causing differences in the host immune response to infection likely contribute to the observed differences in infection and severe sepsis-related hospitalization rates. [17] [18] [19] A higher prevalence of chronic kidney disease and diabetes was observed among black patients hospitalized for infection. Prior studies suggest that these conditions are more common among black patients in the US population. 20, 21 These differences may partly explain higher infection-related hospitalization rates among black patients, and better management of these conditions may reduce disparities. However, the higher infection rates were observed in those who did not report comorbidities, and these differences were observed as early as age 20 years. Furthermore, the differences in comorbidities did not explain higher risk of organ dysfunction among those hospitalized for infection. Differences in host immune response may explain these differences, as shown by recent studies suggesting polymorphisms in key proteins involved in the host response to infection may increase the susceptibility to severe infections and septic shock among people of African descent. 19, 22 The age-related differences in infection-related hospitalizations between the 2 races in our study occurred because black patients had more infections at a younger age, and they have lower life expectancy, therefore, leading to fewer elderly black individuals in the population. 23 These findings have important public health implications for current vaccination guidelines. The number of cases of invasive pneumococcal disease missed by current vaccination guidelines was estimated to illustrate the implications of age differences in the incidence of infectionrelated hospitalizations and showed that 25% of invasive pneumococcal disease cases would be missed in blacks. Hence, earlier vaccination for black people, similar to the recommendation for earlier pneumococcal vaccination in Alaskan Natives and American Indians, should be considered to reduce disparities. 24 Prior studies suggest that the quality of care for community-acquired pneumonia is lower at hospitals that treat larger proportions of blacks. 15 A higher risk of organ dysfunction was observed at hospitals that provided care to larger proportion of black patients. These differences were independent of differences in demographic characteristics, poverty, and comorbidities. Thus, strategies that narrow quality gaps across hospitals in the care of infection and acute organ dysfunction could reduce racial disparities in severe sepsis. However, even after adjusting for differences across hospitals and baseline patient characteristics, black patients still had a residual increased risk of developing organ dysfunction and the mechanism for this finding is unclear.
Major strengths of this study are the large sample size and that the findings can be generalized to a large portion of the US population. In addition, several sensitivity analyses were conducted to account for potential confounders. Results were independent of sex, robust across different sources and eti- 
Infection-related deaths
In contrast to whites, the majority of infections, severe sepsis cases, invasive pneumococcal infections, and deaths occurred in young black patients. For example, 74% of pneumococcal infections occurred in young black patients compared with 45% in young white patients younger than 65 years. Similarly, 49% vs 30% of severe sepsis cases, 74% vs 45% of invasive pneumococcal disease cases, and 36% vs 18% of infection related deaths occurred in black patients and white patients younger than 65 years, respectively. The gray line indicates 65 years of age.
ologies of infections, and persisted after adjusting for poverty level. The analysis of national ED data suggests that the results may underestimate the difference in infection rates because black patients presenting to an ED with an infection are less likely to be admitted. Also excluded was the possibility that higher infection rates among black patients were simply because they were cared for more often at hospitals that report higher infection rates. The finding of higher infection rates among black patients persisted when restricted to analysis of patients with septicemia, to patients with infections present on admission, and to patients developing postoperative infections.
This study has important limitations. First, ICD-9-CM codes may not accurately identify infection and severe sepsis cases. The ICD-9-CM codes may underestimate certain infections 25 and may overestimate severe sepsis cases by including those cases for which organ dysfunction preceded infection. However, coding errors are unlikely to differ by race within hospitals. In addition, this and other studies showed that the number of severe sepsis cases was similar when identified by ICD-9-CM codes and by prospective clinical data collection performed by trained data collectors. 2, 8 Second, social determinants such as household size, income, and educational status have been shown to be associated with infection burden in children and adults. 26, 27 Other social conditions such as smoking status, alcohol consumption, and nutritional status may also contribute to higher infection and severe sepsis rates among blacks. The influence of these factors was not determined because they are not coded reliably in administrative data sets.
In conclusion, higher severe sepsis rates among black patients are explained by both higher infectionrelated hospitalization rates and a higher risk of acute organ dysfunction. Reducing these racial disparities will require community-based interventions, such as vaccination, improved management of chronic diseases, and hospital-based interventions targeted especially to hospitals that serve large proportions of black patients. Current guidelines for pneumococcal vaccination, one of the largest and most effective strategies to prevent severe sepsis, do not target up to 25% of cases among blacks.
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